The Feasibility of Installing and Monitoring an Extensive Green Roof at Purdue University by Rogers, Kristin et al.
Purdue University
Purdue e-Pubs
GIS Day GIS, Geoinformatics, and Remote Sensing atPurdue
11-14-2007
The Feasibility of Installing and Monitoring an











See next page for additional authors
Follow this and additional works at: http://docs.lib.purdue.edu/gisday
This document has been made available through Purdue e-Pubs, a service of the Purdue University Libraries. Please contact epubs@purdue.edu for
additional information.
Rogers, Kristin; Thurner, Kensey; Preisendanz, Heather; Davis, Amélie Y.; Colony, Hollie; Schuster, Dan; Nies, Larry; and Wilson,
Kim, "The Feasibility of Installing and Monitoring an Extensive Green Roof at Purdue University" (2007). GIS Day. Paper 2.
http://docs.lib.purdue.edu/gisday/2
Authors
Kristin Rogers, Kensey Thurner, Heather Preisendanz, Amélie Y. Davis, Hollie Colony, Dan Schuster, Larry
Nies, and Kim Wilson
This article is available at Purdue e-Pubs: http://docs.lib.purdue.edu/gisday/2
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The Boiler Green Initiative (BGI) is a student run organization working to improve
environmental sustainability at the Purdue University West Lafayette campus. A
main goal of BGI’s is to install a green roof on an existing building on campus that
is being replaced. We discuss the benefits of green roofs, the feasibility of having
one installed on the Armory's roof and the various monitoring options we have
researched. Flat roofs are especially amenable to the green roof system, so a
building with a flat roof or section of flat roof that is scheduled for repair is the
ideal choice. The Armory will be having a 7392 sq. ft. area of the roof repaired in
summer 2008. Our goal is to install a green roof system over the entire area.
BGI, working with the physical facilities department, will monitor temperature on
and just below the roof and water quality and flow to determine the green roof’s
performance. Due to the inaccessibility of the roof, data from monitoring





Figure 3: Base station for 
receiving data from datalogger 
on green roof
Figure 2: Green roof monitoring 
equipment set up as a remote 
station
Figure 1: Datalogger connects 
to internet directly on the roof
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Traditional roofs cause higher volumes of runoff at faster rates during storm 
events which cause stream degradation, erosion and faster transport of 
pollutants (Carter and Jackson 2007). 
Green roofs decrease runoff by holding some of the water in the soil 
medium during rainstorms, the vegetation can utilize some of the water and, 
when rainfall is light enough, roofs can store all of the water, releasing it later 
through evapotranspiration rather than letting it run off the surface.  They 
have been shown to reduce runoff by as much as 82.8% on average, 
compared to 48.7% for gravel roofs (VanWoert, Rowe et al. 2005). 
Reduced runoff can improve aquatic life in receiving streams and lower the 
load for storm sewers and stormwater treatment systems (Bengtsson, Grahn 
et al. 2005).
Similarly the widespread use of green roofs has been hypothesized to reduce 
the urban heat island effect due to the vegetation’s low solar absorbance 
and insulation properties (Saiz, Kennedy et al. 2006).  More heat is absorbed 
while shading is provided for a building on which a GR is installed in the 
warmer months of the year.  Not only do green roofs decrease cooling 
needs for a building by more than 75% during the spring and summer 
months, they also decrease heating needs somewhat since they act as an 
insulator (Liu 2002).  In an environmental Life Cycle Assessment (LCA) by 
Kosareo and Ries (2007) energy savings more than compensated for the 
initial cost of materials of green roofs installed in Pittsburgh, PA.  
In addition to the economic benefit of reduced energy use, the life 
expectancy of the roof increases.  Since the vegetation reduces the 
amount of UV light from reaching the roof’s surface, the life expectancy of the 
roof at least triples.  The extended life expectancy is also due to lower 
temperature fluctuations at the roof’s surface.  This lowers repair costs over 
the life-span of the roof (Wong, Tay et al. 2003).
The plants on a green roof not only increase the aesthetic value of the 
building, but also provides an increase in biodiversity (Getter and Rowe 
2006).  Since green roofs usually are not open to the public, they become an 
ideal habitat for birds, insects, spiders, and many other animals and 
microorganisms.  A study in Switzerland found that green roofs also provide 
an excellent environment for rare and endangered species, since there is little 
human disruption (Brenneisen 2003).  Green roofs have also been used to 
help restore native vegetation to an area.  This is especially important, as 
native animal species rely on native vegetation to survive and out-compete 
exotic invasive species.  Another role that green roofs can play is to provide a 
safe habitat for endangered plants.
Extensive green roofs can be retrofitted to 
any roof which has been resurfaced in the 
last 5 years.  Designs for intensive green 
roofs will need to be incorporated to 
building plans so that the structure is 
adequate for the added weight of the soil 
and its water retaining capacity.  Green 
roofs are typically installed on flat roofs but 
can be installed on roofs with up to a 30°
slope.  
Since we are proposing installing a 
vegetated roof on an existing building, the 
best option would be an extensive green 
roof.  We will also lobby for extensive 
and intensive green roofs to be 
incorporated in the campus master plan 
for future buildings on the West 
Lafayette campus.
Green roofs are a vegetated cover placed on top of a roof.  They 
range from mossy vegetation on a growing medium, i.e. extensive 
green roofs to full scale gardens, meadows or trees on specialized 
structures on the tops of buildings, i.e. intensive green roofs.
Typical extensive green roof from Kosareo and Ries (2002).
Details of Monitoring: 
In order to compare the temperature of the roof’s surface before and after a green roof is installed, temperature probes need 
to be set up.  The temperature probes will be connected to a Campbell Scientific datalogger, which will temporarily store the 
temperature probes’ readings.  A computer which has LoggerNet software installed on it can directly connect to the RS-232 
port on the datalogger to send programs to it and to download data that is has collected.  The datalogger will be programmed 
with CRBasic language to take a temperature reading every minute.  Then the program will compute the average 
temperature that each probe reads every four hours and output this data, along with the maximum and minimum 
temperatures from each probe over the same time interval.  
The ultimate goal is to be able to access the data from the dataloggers remotely.  Otherwise, someone would need to take 
the computer with LoggerNet software up to the roof and connect directly to the datalogger with a 9-pin null-moden serial 
cable.  Since the roof will have limited access, it is desirable to attach the datalogger to an Ethernet link, and then access the 
datalogger using LoggerNet over the Internet from any location.  There are two possible ways of achieving this goal.  The first 
is to bring Internet access to the NL100 on the roof directly with an Ethernet cord.  This option would save over $1,000 in 
the cost of additional equipment.  The second option is set up the equipment on the roof as a remote station and to set up a 
base station in another location.  The first scenario is shown in Figure 1 below
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The second scenario requires a base station to be set up at a site which has Internet 
access.  The remote station would be set up on the roof as shown in Figure 2, and 
would consist of the datalogger, temperature probes, solar panel, battery, a 900-MHz 
Campbell Scientific RF401 radio, and an antenna.  The base station would consist of a 
receiving antenna and RF401 radio, a NL100 Ethernet link, and an Ethernet cord to 
connect to an Ethernet port.  The base station could be set up inside the building 
which has the green roof, or any other building within a 1-mile radius that is 
accessible to the students, faculty and staff working on the project.  Figure 3 shows 
the set-up of the equipment at the base station.
The club will deploy of suite of monitoring equipment at 
least one year before and one year after the 
implementation of the green roof.  We will monitor:
_ temperature above and below the roof membrane, 
_ flow of rainwater off the roof.  
_ maybe record atmospheric nitrogen deposit, 
_ energy usage of the building as a whole
_ decibel levels around the building.   
One of the club subcommittees will be in charge of 
deploying the equipment, setting up the datalogger so that 
most of our monitoring is done remotely and in real time
and producing plots of the data for our website.  We will 
make the data available to anyone who likes it and will 
develop appropriate methodologies so that the monitoring 
can be ongoing as club leadership changes.
Next Steps
Basic GIS analysis: 
In order to get an idea of the visibility of our 
future GR on the Armory building we 
needed height information of buildings
on campus.  Since this data does not seem 
to exist we devised a GIS model to give us 
an approximation:
_ We mosaicked the Digital Surface Model
(DSM)  and Digital Elevation Model
(DEM)that cover campus.
_ (DSM –DEM) > 12  extract areas that 
are greater than 12 feet high
_ Using zonal statistics, calculate mean 
height for pixels within building boundaries.
_ output to polygons + use ArcScene
The end product is an integer of mean 
heights approximated by substracting DEM 
values from DSM values.  
We can now use this and the viewshed
tool in the GIS to see from which buildings 
the Green Roof would be visible.  
Model of building heights 
on Purdue Campus, West 





BGI is currently applying for grants to purchase the monitoring equipment and fund the GR installation.
We are also collecting donations online (www.boilergreen.com) and organizing fundraisers.  
Have a class from the Landscape Architecture Department design the green roof.  
Have a class from the Civil Engineering Department implement, install and teach us how the use the 
monitoring equipment.  
Go to K-12 schools in the region and teach a work week module focused on environmentally oriented lessons 
developing ideas such as GR, Recycling and landfills, Energy Conservation and Sustainable living.  
Remember to GO GREEN EARLY!!!
